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NATIONAL TOXICOLOGY PROGRAM

The National Toxicology Program (NTP), established in 1978, develops and
evaluates scientific information about potentially toxic and hazardous
chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of disease. By bringing
together the relevant programs, staff, and resources from the U.S. Public
Health Service, DHHS, the National Toxicology Program has centralized
and strengthened activities relating to toxicology research, testing and test
development/validation efforts, and the dissemination of toxicological
information to the public and scientific communities and to the research
and regulatory agencies.

The NTP is made up of four charter DHHS agencies: the National Cancer
Institute (NCI), National Institutes of Health; the National Institute of
Environmental Health Sciences (NIEHS), National Institutes of Health;
the National Center for Toxicological Research (NCTR), Food and Drug
Administration; and the National Institute for Occupational Safety and
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE READER

These studies are ﬂesi%pqd and conducted to characterize and evaluate the toxicologic potential, in-
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primarily on the
bases of human exposure, level of {;ro uction, and chemical structure. Selection per se is not an indicator
of a chemical’s carcinogenic potential. Negative results, in which the test animals do not have a greater
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen,
inasmuch as the experiments are conducted under a limited set of conditions. Positive results
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends

beyond the purview of this study.

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet
will be selected to deseribe the findings. These categories refer to the strength of the experimental
evidence and not to either potency or mechanism.

¢ Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of malignant neoplasms, studies_that exhibit a
substantially increased incidence of benign neoplasms, or studies that exhibit an increased
incidence of a combination of malignant and benign neoplasms where each increases with dose.

¢ Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in
uncommon malignant or benign neoplasms.

¢ Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

¢ No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

® Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or
quantitative limitations, the studies cannot be interpreted as valid for showing either the presence
or absence of a carcinogenic effect.

Additionally, the following concepts (as 1\})attemed from the International Agency for Research on Cancer
Monographs) have been adopted by the NTP to give further clarification of these 1ssues:

The term chemical carcinogenesis generally means the induction by chemicals of neoglasms not
usually observed, the earlier induction by chemicals of neoplasms that are commonlgr observed, or
the induction b(yi' chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Ethologlcally, the term carcinogenesis means induction of
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction
of various types of neoplasms or of a combination of malignant and benign neoplasms. In the
Technical Reports, the words tumor and neoplasm are used interchangeably.

This studg_ was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Tox1_col<1>§v Program. The studies
described in this Technical Report have been conducted in compliance with NTP chemical health and
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being
presented for peer review.

Although every effort is made to prepare the Technical Re%orts as accurately as possible, mistakes may
occur. Readers are re?uested to identify any mistakes so that corrective action may be taken. Further,
anyone who is aware of related ongoing or Eublished studies not mentioned in this report is encouraged to
make this information known to the NTP. Comments and questions about the National Toxicolo
Program Technical Reports on Tox1cologly and Carcinogenesis Studies should be directed to Dr. J.E. Hulf,
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Degartment of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Sin%‘le
copies of this Technical Reﬁort are avaijlable without char%e (and while supplies last) from the NTP
Iz’%%gc Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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n-Butyl Chloride

(1-Chlorobutane; Butyl Chloride; n-Propylcarbinyl Chloride)
CAS No. 109-69-3

C4HgCl  Molecular weight 92.57

ABSTRACT

Toxicology and carcinogenesis studies of n-butyl chloride (greater than 99.5% pure), a solvent as well
as an alkylating agent, were conducted by exposing groups of F344/N rats and B6C3F; mice to n-
butyl chloride in corn oil by gavage for 14 days, 13 weeks, and 2 years. In the 14-day studies, no
compound-related gross pathologic effects were observed in groups of five male or female rats or mice
administered doses of up to 3,000 mg/kg body weight. However, deaths occurred in the groups ad-
ministered 750, 1,500, or 3,000 mg/kg. Tremors and convulsions following gavage administration
were observed,

In the 13-week studies, groups of 10 male and 10 female rats were administered up to 500 mg/kg n-
butyl chloride, and similar groups of mice received up to 1,000 mg/kg. Three of 10 male rats in the
500 mg’kg dose group and one female mouse in the 120 mg/kg dose group died before the end of the
studies. Mild to moderate extramedullary hematopoiesis was observed in 3/10 male rats receiving
500 mg/kg. Mean body weights of male and female rats receiving 250 or 500 mg/kg were lower than
those of the vehicle controls. Convulsions were observed in male and female rats receiving 250 mg/kg
or higher and in 2/10 female mice receiving 1,000 mg/kg. Based on these results, 2-year toxicology
and carcinogenesis studies of n-butyl chloride were conducted by administering doses of 0, 60, or 120
mg/kg in corn oil by gavage to groups of 50 male and 50 female rats and doses of 0, 500, or 1,000 mgrkg
to groups of 50 male and 50 female mice.

In the 2-year studies, survival relative to that of vehicle controls was significantly lower in high dose
male rats (40/50 vs 17/50) and high dose female rats (35/50 vs 11/50) and in male mice receiving 1,000
mg/kg (33/50 vs 10/50). Due to excessive mortality in the 1,000 mg/kg female mice, the group was
terminated in the 45th week and a second series of 2-year studies in mice of each sex was started at
concentrations of 0 and 250 mg/kg. Male mice in the 1,000 mg/kg group had 10% lower mean body
weights than the vehicle control group. No adverse effects on survival or body weights in other dosed
groups of rats and mice were observed. Convulsions were observed before or after gavage adminis-
tration on several occasions during the rat studies. These observations were noted primarily in the
high dose groups (male: vehicle control, 1/50; low dose, 3/50; high dose, 27/50; female: vehicle control,
0/50; low dose, 7/50; high dose, 45/50). Hemorrhage of the brain and alveoli were observed primarily
in high dose male and female rats dying from convulsions. Lymphoid depletion of the spleen and
splenic hemosiderosis were also observed in these animals. In mice, convulsions were observed only
in the first studies (in the high dose female mice that were terminated early and in 6/50 high dose
male mice).
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Pheochromocytomas of the adrenal gland occurred at a marginally increased incidence in low dose fe-
male rats (1/50; 6/50; 1/49). Hyperplasia was observed in 3/50 vehicle controls, 7/50 low dose females,
and 4/49 high dose females. The incidence of pheochromocytomas was low, not dose related, and not
seen in male rats, and thus it was not considered to be compound related. Cytoplasmic vacuolization
of the adrenal cortex occurred at increased incidences in male (5/50; 10/50; 20/50) but not in female
rats. Nephropathy of the kidney occurred at increased incidences in female rats (13/50; 25/50; 20/50)
but not in male rats. Additional nonneoplastic lesions such as congestion, inflammation, or nephrosis
were not present to any degree in either vehicle control or dosed female rats.

An increased incidence of alveolar/bronchiolar adenomas or carcinomas (combined) was observed in
the 500 mg/kg group of female mice (3/50 vs 9/50), but little effect was seen in the 250 mg/kg group
(6/50 vs 8/50). The incidences of adenomas or carcinomas (combined) in dosed female mice were not
significantly different from that in the pooled vehicle control group from the first and second studies
(pooled controls, 9/100; 250 mg/kg, 8/50; 500 mg/kg, 9/50). The lack of hyperplasia in female mice and
the negative trend in male mice suggest that these marginal effects were probably not related to the
administration of n-butyl chloride.

An increased incidence of hepatocellular adenomas or carcinomas (combined) was observed in the 500
mg/kg group of female mice (3/50 vs 8/50) but not in the 250 mg/kg group (9/50 vs 7/50). An increased
incidence of hemangiosarcomas was observed in male mice in the first study (1/50; 3/50; 4/50) but not
in the second study (4/50 vs 2/50). Neither of these marginal effects was regarded as compound
related.

n-Butyl chloride was not mutagenic in Salmonella typhimurium strains TA98, TA100, TA1535, or
TA1537 in the presence or absence of Aroclor 1254-induced male Sprague-Dawley rat liver S9 or in
the presence of male Syrian hamster liver S9. n-Butyl chloride was mutagenic in the mouse lympho-
ma L5178Y/TK*/~ assay in the absence of Aroclor-induced male rat liver 89 and was not tested in
the presence of S9. n-Butyl chloride did not induce sister-chromatid exchanges or chromosomal
aberrations in Chinese hamster ovary cells in the presence or absence of Aroclor-induced male rat
liver S9.

An audit of the experimental data was conducted for the 2-year studies of n-butyl chloride. No data
discrepancies were found that influenced the final interpretations.

Under the conditions of these 2-year gavage studies, there was no evidence of carcinogenicity* of n-
butyl chloride for male and female F344/N rats at daily doses of 60 or 120 mg/kg, for male B6C3F;
mice at doses of 250, 500, or 1,000 mg/kg, or for female B6C3F; mice at doses of 250 or 500 mg/kg.
Chemical-induced toxicity in high dose rats (primarily females) reduced the sensitivity of the study
for determining carcinogenicity.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
n-BUTYL CHLORIDE

On August 14, 1985, the draft Technical Report on the toxicology and carcinogenesis studies of n-
butyl chloride received peer review by the National Toxicology Program Board of Scientific
Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review
meeting began at 9:00 a.m. in the Conference Center, Building 101, National Institute of
Environmental Health Sciences, Research Triangle Park, North Carolina.

Dr. Crowley, a principal reviewer, agreed with the conclusions for male and female rats but suggested
that the findings in male and female mice indicate an inadequate study of carcinogenicity because the
the first study was terminated due to toxicity after 1 year and the incidences of tumors for vehicle
control groups for the two studies varied. Dr. Turnbull and Dr. Kotelchuck agreed that the mice
studies were inadequate. Dr. Kotelchuck questioned the combining of the vehicle control groups. Dr.
J. Huff, NIEHS, reported that in only one site were there statistically significant differences between
the two vehicle control groups (liver tumors in female mice) and thus it was considered proper to com-
bine vehicle control groups for supplemental data comparisons.

As a second principal reviewer, Dr. Kociba agreed with the conclusions. He said that the rationale for
dose selection should have included some parameters other than body weights (depression) and
clinical observations (convulsions). In the absence of comparative absorption and metabolism data,
inhalation exposure or skin application might have been a more appropriate route than corn oil
gavage. Dr. J. Roycroft, NTP, said that the overt toxicity observed in the 2-year studies was not
predictable from the short-term studies in that there were only minimal effects in mean body weights
and convulsive episodes only in two high dose (1,000 mg/kg) female mice.

As a third principal reviewer, Dr. Jones agreed with the conclusions,

In further discussion on the appropriateness of combining the two concurrent vehicle control groups
for the studies in mice, Dr. E. McConnell, NIEHS, said that a similar combination was done for the
oral asbestos studies; the current studies were conducted in the same laboratory with similar environ-
mental factors and with genetically similar animals. Dr. Swenberg proposed adding a footnote ex-
plaining that combining vehicle control groups is done infrequently and why this was considered
appropriate for n-butyl chloride. [See pages 46-48.]

Dr. Hook said that the Panel needed to decide whether the mouse studies were adequate studies be-
fore the members could rule on the conclusions as written. Dr. Swenberg moved that these be con-
sidered adequate studies for at least one dose per sex and species. Dr. Kociba seconded the motion.
There were four affirmative votes (Dr. Jones, Dr. Kociba, Dr. Kotelchuck, and Dr. Swenberg), four
negative votes (Dr. Crowley, Dr. Hooper, Dr. Perera, and Dr. Turnbull), and one abstention (Dr.
Purchase). As Chair, Dr. Hook cast the tie-breaking vote to approve the motion.

Dr. Kociba then moved that the conclusion as written for rats and mice of both sexes be accepted,
including the last sentence, “Chemical-induced toxicity in high dose rats (primarily females) reduced
the sensitivity of the study for determining carcinogenicity.” Dr, Turnbull seconded the motion, and
the Technical Report on n-butyl chloride was approved by six affirmative votes (Dr. Hooper, Dr,
Jones, Dr. Kociba, Dr. Kotelchuck, Dr. Perera, and Dr. Turnbull); there was one negative vote (Dr.
Swenberg) with two abstentions (Dr. Crowley and Dr. Purchase).
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I. INTRODUCTION
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n-Butyl Chloride

(1-Chlorobutane; Butyl Chloride; n-Propylearbinyl Chloride)

CAS No. 109-69-3

C4HgCl

n-Butyl chloride, a colorless, volatile liquid with
a characteristic sweet odor, has a specific gravity
of 0.878 (20°C/4°C), a boiling point of 78° C, a
melting point of ~123.1°C, and a vapor pressure
of 80.1 mm Hg at 20° C. n-Butyl chloride is
insoluble in water (0.066% at 12° C) and is
miscible with alcohol and ether. It is flammable
with a flash point of —7° C (closed cup). Flam-
mable limits in air are between 1.8% and 10.1%.
n-Butyl chloride is stable when stored in the dry
state; however, it hydrolyzes in the presence of
moisture, liberating hydrogen chloride. Ther-
mal decomposition may produce phosgene. It
can react vigorously with oxidizing materials
(Merck, 1983; Sedivec and Flek, 1976;
Oettingen, 1955; Sax, 1984).

n-Butyl chloride is used as a solvent as well as
an alkylating agent in organic syntheses (e.g., in
the manufacture of butyl cellulose) and in the
production of tin stabilizers for vinyl chloride
resins. It has also been used as an anthelmintic
in veterinary medicine, primarily for removal of
ascarids and hookworms in dogs (Wright and
Schaffer, 1932). Although a weak central nerv-
ous system depressant, it has also been used as a
veterinary anesthetic (Abreu et al., 1939).

n-Butyl chloride is prepared by heating n-butyl
alcohol with hydrochloric acid and anhydrous
zinc chloride. It is commercially available at
greater than 99.5% purity. The production of n-
butyl chloride in the United States was esti-
mated to be greater than 2,300 kilograms in
1982 (USITC, 1983). More accurate production
estimates, as well as import and export figures,

n-Butyl Chloride, NTP TR 312
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Molecular weight 92.57

are not available, since only one company re-
ports production. Information on the incidence
of environmental occurrence or human exposure
was not available from the literature. No oc-
cupational standard for n-butyl chloride has
been established by the Occupational Safety and
Health Administration.

Animal Toxicity Studies

Smyth et al. (1954) determined the oral LDsg
value for n-butyl chloride to be 2.67 g/kg in Car-
worth-Wistar rats. When rats were exposed by
inhalation to n-butyl chloride at 8,000 ppm for 4
hours, deaths in two of six animals occurred over
a l4-day period. n-Butyl chloride was readily
absorbed through the skin of New Zealand al-
bino rabbits (greater than 20 ml/kg) and pro-
duced a primary skin irritation (3 in the stan-
dard Draize irritation index). In addition, eye
injury to rabbits administered 0.5 ml neat n-
butyl chloride was determined to be minimal
(small area of corneal necrosis). The LCsq value
for 2- to 3-month-old fish (guppies) has been
determined to be 3.02 umol/liter (Konemann,
1981).

To determine the efficacy of n-butyl chloride as a
canine anthelmintic, Wright and Schaffer (1932)
administered a single dose of n-butyl chloride
(0.1, 0.2, 0.3, 0.5, 3.0, or 10.0 ml/kg) to dogs
fasted for 12 hours. The dogs were observed daily
for up to 4 days before being killed. n-Buty!
chloride was well tolerated by all experimental
animals and was effective in the removal of
ascarids and hookworms. No visible reaction or
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macroscopic postmortem lesions were observed.
Microscopic lesions of the liver were observed in
animals dosed at 0.3 ml/kg and higher and
consisted of cloudy swelling and passive
congestion with deposits of bilirubin. In several
animals, there was a slight fatty infiltration of
the liver which may have been associated with
the administration of n-butyl chloride. Since the
compound was efficacious in removing canine in-
ternal parasites and well tolerated, it was
recommended for veterinary use as an anthel-
mintic. However, its use has been reduced in the
past 10 years due to the introduction of new,
more efficacious drugs.

Female Wistar rats (180-200 g) were gavaged
daily with n-butyl chloride at concentrations of
0.72, 110, or 733 mg/kg in sunflower oil during
the first 19 days of pregnancy and were evalua-
ted for embryotoxic and teratogenic effects
(Leonskaya, 1980). An increase in embryo mor-
tality was seen in the 733 mg/kg dose group; no
effect was seen in the lower dose groups. There
was an increase in the number of fetuses with in-
ternal organ hemorrhage in the 733 mgrkg dose
group. Progeny of the dosed females were ob-
served for 30 days following birth. No com-
pound-related effects were observed in mor-
tality, body weight change, time of appearance
of body hair, or opening of eyes. The offspring
were crossbred (within dose group) and sub-
sequently evaluated. n-Butyl chloride at a dose
of 733 mg/kg substantially increased embryo
mortality in the second generation. The author
concluded that n-butyl chloride induced a
hazardous effect on embryogenesis only in large
doses that had pronounced toxic effects.

Mutagenicity

n-Butyl chloride was not mutagenic in
Salmonella typhimurium when tested in a
modified liquid suspension assay instead of in a
plate assay (Eder et al., 1980), according to the
preincubation protocol (Appendix G), or when
the cells were exposed to the vapors in a sealed
container (Barber et al.,, 1981). However,
Simmon (1981) reported that when the cells
were exposed to vapors in a desiccator (a protocol
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similar to that of Barber et al., 1981), n-butyl
chloride was mutagenic in strain TA100 of S.
typhimurium in the absence of S9. The experi-
ment was not performed in the presence of S9. n-
Butyl chloride was mutagenic in the mouse
lymphoma L5178Y/TK*/~ assay in the absence
of S9; it was not tested in the presence of S9 (Ap-
pendix G). n-Buty!l chloride did not induce
sister-chromatid exchanges or chromosomal ab-
errations in Chinese hamster ovary cells in the
presence or absence of Aroclor 1254-induced
male Sprague-Dawley rat liver S9. In summary,
n-butyl chloride is mutagenic in S. typhimurium
TA100 under certain conditions; it is mutagenic
in mammalian cells but does not cause cyto-
genetic effects in mammalian cells in vitro.

Carcinogenicity

Poirier et al. (1975) evaluated pulmonary tumor
response in A/Heston mice. Male and female
mice were given n-butyl chloride (in tricaprylin)
weekly by intraperitoneal injections for 24
weeks with a total dose of 1.2, 3.0, or 6.0 g/kg.
No significant increase in lung tumor incidence
was observed in strain A mice following the ad-
ministration of n-butyl chloride; however, doses
of 3.2 g/kg sec-butyl chloride and 1.2 g/kg tert-
butyl chloride increased lung tumor incidence.

Human Exposure

Although there are no data on human exposure
to n-butyl chloride, workers may be exposed to n-
butyl chloride during its use. n-Butyl chloride is
a potential eye, skin, lung, and mucous mem-
brane irritant.

Study Rationale

n-Butyl chloride was nominated by the National
Cancer Institute as a model alkyl chloride fol-
lowing an organohalide class study. It is of par-
ticular interest because of the lack of long-term
toxicity and carcinogenicity information and its
potential for human exposure. Although occupa-
tional exposure occurs largely by the dermal or
inhalation routes, NTP made the decision to con-
duct these studies by the gavage route.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
n-BUTYL CHLORIDE

n-Butyl chloride was obtained in one batch (lot
no. 780135-3) from Publicker Industries, Inc.
(Philadelphia, Pennsylvania), which was used
for all the studies.

Purity and identity analyses conducted at Mid-
west Research Institute on lot no. 780135-3 of n-
butyl chloride showed that in addition to n-butyl
chloride, water and 25 ppm acid components
were present. The identity of the n-butyl
chloride was confirmed by infrared, ultraviolet/
visible, and nuclear magnetic resonance spec-
troscopy. All spectroscopic data were consistent
with the structure of n-butyl chloride and with
literature spectra. The cumulative data from
elemental analyses, gas chromatography, and
free acid titration indicated the purity of the n-
butyl chloride test material to be greater than
99.5%.

n-Butyl chloride was found to be stable for 2
weeks at 60° C (Appendix H). n-Butyl chloride
was stored at the testing laboratory in the dark
at 0° C. Results of periodic analyses of the bulk
test material at the testing laboratory by gas
chromatography and titration for free acid

indicated that n-butyl chloride remained stable
during the course of the studies.

PREPARATION AND
CHARACTERIZATION OF
DOSE MIXTURES

The accurately weighed amounts of n-butyl
chloride and corn oil were mixed to give the
desired concentrations (Table 1). The analytical
chemistry laboratory found dose mixtures of n-
butyl chloride (6% in corn oil) to be stable for 7
days at room temperature (Appendix I). The
testing laboratory did additional analyses
during the 13-week studies which indicated that
the n-butyl chloride dose mixtures were stable
for up to 3 weeks. n-Butyl chloride/corn oil
mixtures were stored at 0° C for no longer than
14 days.

Periodic analyses for n-butyl chloride in corn oil
were performed by the testing and analytical
chemistry laboratories to determine if the dose
mixtures contained the correct concentrations of
n-buty!l chloride (Appendix J). Because 62/63
mixtures analyzed were within + 10% of the
target concentration, it is estimated that dosing
solutions were prepared within specifications
98% of the time (Table 2; Appendix K).

TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF
n-BUTYL CHLORIDE
Fourteen-Day Studies Thirteen-Week Studies Two-Year Studies
Preparation Preparations were hand Same as 14-d studies Same as 14-d studies

agitated for 10 sec and
sealed in serum vials

Maximum Storage 7d 10d 14d
Time
Storage Conditions 4°C 4°C 0°£5°C
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TABLE 2. SUMMARY OF RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE
STUDIES OF n-BUTYL CHLORIDE

Concentration of n-Butyl Chloride in Corn Oil
for Target Concentration (mg/ml)

12 24 50 100 200
Mean (mg/m!) 111 227 50.0 99.6 199.4
Standard deviation 1.06 0.63 0.95 3.46 5.33
Coefficient of variation (percent) 9.5 2.8 1.9 35 2.7
Range (mg/ml) 7.75-11.9 22.0-23.8 48.1-51.7 93.5-105.0 192.0-206.9
Number of samples 13 13 13 12 12

FOURTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories and held for 19 days before the studies
began. The rats were approximately 7 weeks old
and the mice 7-9 weeks old when placed on
study.

Groups of five rats and five mice of each sex were
administered 0, 190, 380, 750, 1,500, or 3,000
mg/kg n-butyl chloride in corn oil by gavage for
14 consecutive days. Animals were housed five
per cage. Water and feed were freely available.
The rats and mice were observed twice per day;
the rats were weighed daily and the mice on
days 1 and 14 and at the end of the studies. A
necropsy was performed on all animals; how-
ever, histologic examinations were not per-
formed. Details of animal maintenance are pre-
sented in Table 3.

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to
evaluate the cumulative toxic effects of repeated
administration of n-butyl chloride and to deter-
mine the doses to be used in the 2-year studies.
Four-week-old male and female F344/N rats and
5- to 6-week-old B6C3F; mice were obtained
from Charles River Breeding Laboratories, ob-
served for 18 days (rats) or 16 days (mice), and
assigned to test groups so that the average cage
weights were approximately equal for all ani-
mals of the same sex and species.

Groups of 10 rats of each sex were administered
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0, 30, 60, 120, 250, or 500 mg/kg n-butyl chloride
in corn oil by gavage, 5 days per week for 13
weeks. Groups of 10 mice of each sex were ad-
ministered 0, 60, 120, 250, 500, or 1,000 mg/kg
n-butyl chloride on the same schedule. Rats and
mice were housed five per cage in polycarbonate
cages. Feed and water were available ad
libitum.,

Animals were checked two times per day; mori-
bund animals were killed. Individual animal
weights were recorded weekly. At the end of the
13-week studies, survivors were killed. A ne-
cropsy was performed on all animals except
those excessively autolyzed or cannibalized. Tis-
sues and groups examined are listed in Table 3.

TWO-YEAR STUDIES

Study Design

Groups of 50 rats of each sex were administered
0, 60, or 120 mg/kg n-butyl chloride in corn oil by
gavage, 5 days per week for 103 weeks. Groups
of 50 mice of each sex were administered 0, 500,
or 1,000 mg/kg, 5 days per week on the same
schedule. All the female mice in the 1,000
mg/kg group were dead by week 52. Histologic
examinations were performed on some of these
animals that died early; the cause of death could
not be established but was attributed to n-butyl
chloride. Because of the large number of deaths
in the 1,000 mg/kg mouse groups, another dose
group (250 mg/kg) and matching vehicle controls
were started for male and female mice ap-
proximately 13 months after initiation of the
other studies.
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF n-BUTYL CHLORIDE

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

EXPERIMENTAL DESIGN

8ize of Test Groups

Doses

Date of First Dose

Date of Last Dose

Duration of Dosing

Type and Frequency
Observation

Necropsy and
Histologic
Examination

5 males and 5 females of
each species

0, 190, 380, 750,
1,500, or 3,000 mg/kg
n-butyl chloride in
corn oil by gavage;
dose vol--5 ml/kg

11/28/78

12/12/78

14 consecutive days

Rats--observed 2 X d;
weighed daily;
mice--observed 2 X d;
weighedond 1, 14,and at
the end of the studies

Necropsy performed on
all animals; histologic
examination not
performed

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species

Animal Source

F344/N rats; B6C3F,; mice

Charles River Breeding
Laboratories (Portage, MI)
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10 males and 10 females of
each species

Rats--0, 30, 60, 120, 250,
or 500 mg/kg n-butyl
chloride in corn oil by
gavage;

mice--0, 60, 120, 250, 500,
or 1,000 mg/kg n-butyl
chloride in corn oil by
gavage;

dose vol--5 ml/kg

3/30/79

6/28/79

5d/wk for 13 wk

Observed 2 X d;
weighed 1 X wk

Necropsy and histologic
examination performed on all
animals; the following
tissues were examined: gross
lesions and tissue masses,
mandibular lymph node,
mammary gland, skin,
salivary gland, sternebrae,
thyroid gland, smalil
intestine, colon, liver,
prostate/testes or ovaries/
uterus, gallbladder (mice),
lungs and bronchi, heart,
esophagus, stomach, brain,
thymus, trachea, pancreas,
spleen, kidneys, adrenal
glands, urinary bladder,
pituitary gland, spinal cord
(if neurologic signs

present), and eyes (if grossly
abnormal)

Same as 14-d studies

Same as 14-d studies
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50 males and 50 females of
each species

Rats--0, 60, or 120 mg/kg n-
butyl chloride in corn oil by
gavage;

mice (1st study)--0, 500, or
1,000 mg/kg n-butyl chloride in
corn oil by gavage;

mice (2nd study)--0 or 250
mg/kg n-butyl chloride in corn
oil by gavage;

dose vol--5 ml/kg

Rats--3/3/80;
mice (1st study)--2/20/80;
mice (2nd study)--3/17/81

Rats--2/24/82;
mice (1st study)--2/9/82;
mice (2nd study)--3/7/83

5d/wk for 103 wk

Observed 2 X d;
weighed initially, 1 X wk
for 12 wk, then 1 X 4 wk

Necropsy and histologic
examination performed on all
animals; the following tissues
were examined: tissue masses,
abnormal regional lymph nodes,
skin, mandibular lymph nodes,
mammary gland, salivary
gland, bone marrow,
costochondral junction, thymus,
larynx, trachea, lungs and
bronchi, heart, thyroid gland,
parathyroids, esophagus,
stomach, duodenum, jejunum,
ileum, colon, mesenteric lymph
nodes, liver, gallbladder

(mice), pancreas, spleen,
kidneys, adrenal glands,
seminal vesicles/prostate/
testes or ovaries/uterus, brain,
and pituitary gland

Same as 14-d studies

Same as 14-d studies



TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF n-BUTYL CHLORIDE (Continued)

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Testing Laboratory
Method of Animal
Identification

Time Held Before
Test

Age When Placed
on Study

Age When Killed

Necropsy Dates

Method of Animal
Distribution

Feed

Bedding

Water

Cages

Cage Filters

Animals per Cage

Other Chemicals on
Test in the Same Room

Animal Room
Environment

EG&G Mason Research
Institute

Ear punch
194
Rats--7 wk; mice--7-9 wk

Rats--9-10 wk;
mice--10-12 wk

Rats--12/15/78-12/18/78;
mice--12/18/78-12/19/78

Animals were assigned to
test groups such that all
cage weights were
approximately equal

Wayne Lab Blox pellets
(Allied Mills, Chicago, IL);
available ad libitum

Aspen Bed (American
Excelsior, Baltimore, MD)

Automatic watering
system (Edstrom
Industries, Waterford,
WD); available ad
libitum

Polycarbonate (Lab Products,

Rochelle Park, NJ)

Disposable nonwoven
fiber filters (Lab

Products, Rochelle Park, NJ)

5

None

Temperature--19.4°-26.1°C;
humidity-- <1%-50%;
fluorescent light 12 h/d;

10 room air changes/h

EG&G Mason Research
Institute

Ear punch

Rats--18 d; mice--16 d

Rats--7 wk; mice--7-8 wk

Rats--21 wk;
mice--21-22 wk

Rats--7/2/79-7/9/79;
mice--7/2/79-7/5/79

Assigned to test groups
such that the average
cage weights were
approximately equal

Same as 14-d studies

Aspen Bed hardwood chips
(American Excelsior, Co.,
Baltimore, MD) or Betta

Chips hardwood chips (Agway,
Inc., Syracuse, NY)

Same as 14-d studies

Same as 14-d studies

Nonwaven fiber filters (Lab
Products, Rochelle Park, NJ)

5

None

Temperature--mean 21.8°C;
humidity--5%-74% (av 40%);
fluorescent light 12 h/d;

10 room air changes/h

EG&G Mason Research
Institute

Ear punch

3wk

1st study--7 wk;
2nd study (mice)--8 wk

Rats--111-113 wk;
mice (1st study)--111-112 wk;
mice (2nd study’--112-113 wk

Rats--3/4/82-3/13/82;

mice (1st study)--2/17/82-
2/24/82; mice (2nd study)--
3/15/83-3/23/83

Randomized to cages by one
random numbers table, then to
groups by another random
numbers table

NIH 07 Rat and Mouse Ration
(Zeigler Bros., Gardners, PA);
available ad libitum

Aspen Bed hardwood chips

(American Excelsior, Co.,
Baltimore, MD)

Same as 14-d studies

Same as 14-d studies

Same as 13-wk studies

5

None

Temperature--mean 23°C;

2nd study--mean 22.9°C;
humidity--9%-78% (mean 41%);
fluorescent light 12 h/d;

12 room air changes/h

23
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II. MATERIALS AND METHODS

Source and Specifications of Animals

The male and female F344/N rats and B6C3F,
(C57BL/6N, female, X C3H/HeN MTV ™, male)
mice used in these studies were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories under a contract to the Car-
cinogenesis Program. Breeding stock for the
foundation colonies at the production facility
originated at the National Institutes of Health
Repository. Animals shipped for testing were
progeny of defined microflora-associated parents
that were transferred from isolators to barrier-
maintained rooms. Rats were shipped to the
testing laboratory at 4 weeks of age, mice for the
first studies were shipped at 4 weeks of age, and
mice for the second studies were shipped at 5
weeks of age. The animals were quarantined at
the testing facility for 3 weeks. Thereafter, a
complete necropsy was performed on five ani-
mals of each sex and species to assess their
health status. The rodents were placed on study
at 7 weeks of age (rats and mice in first studies)
or at 8 weeks (mice in second studies). The
health of the animals was monitored during the
course of the studies according to the protocols of
the NTP Sentinel Animal Program (Appen-
dix L).

A quality control skin grafting program has
been in effect since early 1978 to monitor the
genetic integrity of the inbred mice used to
produce the hybrid B6C3F; test animal. In mid-
1981, data were obtained that showed in-
compatibility between the NIH C3H reference
colony and the C3H colony from a Program sup-
plier. In August 1981, inbred parental lines of
mice were further tested for genetic integrity via
isozyme and protein electrophoretograms that
demonstrate phenotype expressions of known
genetic loci.

The C57BL/6 mice were homogeneous at all loci
tested. Eighty-five percent of the C3H mice
monitored were variant at one to three loci, in-
dicating some heterogeneity in the C3H line
from this supplier. Nevertheless, the genome of
this line is more homogeneous than that of ran-
domly bred stocks.

Male mice from the C3H colony and female mice
from the C57BL/6 colony were used as parents
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for the hybrid B6C3F; mice used in these
studies. The influence of the potential genetic
nonuniformity in the hybrid mice on these
results is not known, but results of the studies
are not affected because concurrent controls
were included in each study.

Animal Maintenance

Animals were housed five per cage. Feed and
water were available ad libitum. Further
details of animal maintenance are given in
Table 3.

Clinical Examinations and Pathology

All animals were observed two times per day,
and clinical signs were recorded once per week.
Body weights by cage were recorded once per
week for the first 12 weeks of the study and once
per month thereafter. Mean body weights were
calculated for each group. Moribund animals
were killed, as were animals that survived to the
end of the studies. A necropsy was performed on
all animals, including those found dead unless
they were excessively autolyzed or cannibalized.
Thus, the number of animals from which par-
ticular organs or tissues were examined micro-
scopically varies and is not necessarily equal to
the number of animals that were placed on study
in each group.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered forma-
lin, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. Tissues examined
microscopically are listed in Table 3.

When the pathology examination was com-
pleted, the slides, individual animal data
records, and summary tables were sent to an in-
dependent quality assurance laboratory. Indi-
vidual animal records and tables were compared
for accuracy, slides and tissue counts were veri-
fied, and histotechnique was evaluated. All
tumor diagnoses, all target tissues, and all tis-
sues from a randomly selected 10% of the ani-
mals were evaluated by a quality assurance pa-
thologist. Slides of all target tissues and those
about which the original and quality assurance
pathologists disagreed were submitted to the
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Chairperson of the Pathology Working Group
(PWGQG) for evaluation. Representative coded
slides selected by the Chairperson were re-
viewed by PWG pathologists, who reached a con-
sensus and compared their findings with the
original and quality assurance diagnoses. When
diagnostic differences were found, the PWG sent
the appropriate slides and comments to the orig-
inal pathologist for review. This procedure has
been described, in part, by Maronpot and Boor-
man (1982) and Boorman et al. (1985). The final
diagnoses represent a consensus of contractor
pathologists and the NTP Pathology Working
Group. For subsequent evaluations, the diag-
nosed lesions for each tissue type are combined
according to the guidelines of McConnell et al.
(1986).

Nonneoplastic lesions are not examined rou-
tinely by the quality assurance pathologist or
PWG. Certain nonneoplastic findings are re-
viewed by the quality assurance pathologist and
PWG if they are considered part of the toxic
response to a chemical or if they are deemed of
special interest.

Statistical Methods

Data Recording: Data on this experiment were
recorded in the Carcinogenesis Bioassay Data
System (Linhart et al., 1974). The data elements
include descriptive information on the
chemicals, animals, experimental design, sur-
vival, body weight, and individual pathologic re-
sults, as recommended by the International
Union Against Cancer (Berenblum, 1969).

Survival Analyses: The probability of survival
was estimated by the product-limit procedure of
Kaplan and Meier (1958) and is presented in the
form of graphs. Animals were censored from the
survival analyses at the time they were found
dead of other than natural causes or were found
to be missing; animals dying from natural
causes were not censored. Statistical analyses
for a possible dose-related effect on survival used
. the method of Cox (1972) for testing two groups
for equality and Tarone’s (1975) life table test for
a dose-related trend. All reported P values for
the survival analysis are two-sided.
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Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such
lesions at a specific anatomic site to the number
of animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the de-
nominators consist of the number of animals on
which a necropsy was performed.

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data. The two that adjust for intercurrent mor-
tality employ the classical method for combining
contingency tables developed by Mantel and
Haenszel (1959). Tests of significance included
pairwise comparisons of high dose and low dose
groups with vehicle controls and tests for overall
dose-response trends.

For studies in which compound administration
has little effect on survival, the results of the
three alternative analyses will generally be
similar. When differing results are obtained by
the three methods, the final interpretation of the
data will depend on the extent to which the
tumor under consideration is regarded as being
the cause of death. All reported P values for
tumor analyses are one-sided.

Life Table Analyses--The first method of
analysis assumed that all tumors of a given type
observed in animals dying before the end of the
study were “fatal”; i.e., they either directly or
indirectly caused the death of the animal. Ac-
cording to this approach, the proportions of
tumor-bearing animals in the dosed and vehicle
control groups were compared at each point in
time at which an animal died with a tumor of
interest. The denominators of these proportions
were the total number of animals at risk in each
group. These results, including the data from
animals killed at the end of the study, were then
combined by the Mantel-Haenszel method to
obtain an overall P value. This method of
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adjusting for intercurrent mortality is the life
table method of Cox (1972) and of Tarone (1975).
The underlying variable considered by this anal-
ysis is time to death due to tumor. If the tumor
is rapidly lethal, then time to death due to tumor
closely approximates time to tumor onset. In
this case, the life table test also provides a com-
parison of the time-specific tumor incidences.

Incidental Tumor Analyses--The second method
of analysis assumed that all tumors of a given
type observed in animals that died before the
end of the study were “incidental”; i.e., they
were merely observed at necropsy in animals dy-
ing of an unrelated cause. According to this ap-
proach, the proportions of tumor-bearing ani-
mals in dosed and vehicle control groups were
compared in each of five time intervals: weeks
0-52, weeks 53-78, weeks 79-92, week 93 to the
week before the terminal-kill period, and the
terminal-kill period. The denominators of these
proportions were the number of animals on
which a necropsy was actually performed during
the time interval. The individual time interval
comparisons were then combined by the pre-
viously described method to obtain a single over-

all result. (See Haseman, 1984, for the com-
putational details of both methods.) A recently
n-Butyl Chloride, NTP TR 312

26

developed method for the analysis of incidental
tumors based on logistic regression (Dinse and
Lagakos, 1983) was also employed as a sup-
plemental test in some instances. This method
has the advantage of not requiring time inter-
vals in the statistical evaluation.

Unadjusted Analyses--Primarily, survival-ad-
justed methods are used to evaluate tumor inci-
dence. In addition, the results of the Fisher
exact test for pairwise comparisons and the
Cochran-Armitage linear trend test (Armitage,
1971; Gart et al., 1979) are given in the appendix
containing the analyses of primary tumor inci-
dence. These two tests are based on the overall
proportion of tumor-bearing animals and do not
adjust for survival differences.

Historical Control Data: Although the con-
current control group is always the first and
most appropriate control group used for evalua-
tion, there are certain instances in which his-
torical control data can be helpful in the overall
assessment of tumor incidence. Consequently,
control tumor incidences from the NTP his-
torical control data base (Haseman et al., 1984)
are included for those tumors appearing to show
compound-related effects.



III. RESULTS

RATS
FOURTEEN-DAY STUDIES
THIRTEEN-WEEK STUDIES

TWO-YEAR STUDIES

Body Weights and Clinical Signs
Survival
Pathology and Statistical Analyses of Results

MICE
FOURTEEN-DAY STUDIES
THIRTEEN-WEEK STUDIES

TWO-YEAR STUDIES

Body Weights and Clinical Signs
Survival
Pathology and Statistical Analyses of Results
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ITII. RESULTS: RATS

FOURTEEN-DAY STUDIES

All the rats that received 1,500 or 3,000 mg/kg
and 3/5 males and 1/5 females that received 750
mg/kg n-butyl chloride died before the end of the
studies (Table 4). No gavage accidents were
noted; therefore, all deaths were considered com-
pound related. The final mean body weight of
the male rats that received 750 mg/kg was 14%
lower than that of the vehicle controls. The final
mean body weight of the female rats that re-
ceived 750 mg/kg was 6% lower than that of the
vehicle controls. Convulsions were observed in
males that received 750 mg/kg or more and in
one female that received 1,500 mg/kg.

Aggressiveness and hyperactivity were observed
in rats that received 750 mg/kg. A bloody dis-
charge from the nose and mouth was observed in
males that received 750 mg/kg or more and in fe-
males that received 1,500 mg/kg. At necropsy,
blood was found in the cranial cavity of males
that received 750 mg/kg or more and females
that received 1,500 mg/kg or more. Histologic
examinations were not performed. Doses se-
lected for the 13-week studies were based on
weight gain depression and clinical signs ob-
served in the 14-day studies.

TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE
STUDIES OF n-BUTYL CHLORIDE

Mean Body Weights (grams) Final Weight Relative
Dose Survival (a) Initial (b) Final Change (¢) to Vehicle Controls
(mg/kg) (percent)
MALE
0 5/5 164+ 5 206 + 3 +42+ 3~ --
190 5/5 164 5 207+ 4 +43% 3 100
380 5/5 164 £ 6 202t 6 +38+% 2 98
750 (d) 2/5 165t 5 178t 8 +19%+ t 86
1,500 (e)0/5 1656 3 ) ® 6))
3,000 (g) 0/5 166 + 3 43} ® 6
FEMALE
0 5/5 126 £ 3 154 + 2 +28 £ 2 -
190 5/5 126 £ 3 154 £ 2 +28t 1 100
380 5/5 126 £ 3 156 £ 4 +30% 2 101
750 (h) 4/5 126 £ 3 144+ 5 +16% 3 94
1,500 (i) 0/5 126 £ 3 ¢} (6] ®
3,000 () 0/5 126 + 3 4y (§9) ®

(a) Number surviving/number initially in the group

(b) Initial mean group body weight * standard error of the mean. Subsequent calculations are based on those animals

surviving to the end of the study.

(c) Mean body weight change of the survivors of the group * standard error of the mean

(d) Day of death: 6,7,7
(e) Day of death: 3,3,3,3,4

(f) No data are reported due to the 100% mortality in this group.

(g) Day of death: 2,2,2,2,3
(h) Day of death: 8

(i) Day of death: 3,3,4,4,5
() Day of death: all 3
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III. RESULTS: RATS

THIRTEEN-WEEK STUDIES

Six of 10 male rats that received 500 mg/kg n-
butyl chioride died before the end of the studies
(Table 5). Because of the increased irritability of
rats at the higher doses, dosing by gavage be-
came extremely difficult; three deaths occurred
in the 500 mg/kg group because of gavage acci-
dents. The final mean body weights of males
that received 250 or 500 mg/kg were 11% or 20%
lower than that of the vehicle controls. Final
mean body weights of females that received 250
or 500 mg/kg were 6% or 10% lower than that of
the vehicle controls. Five of 10 males and 2/10
females that received 250 mg/kg and 9/10 males
and 8/10 females that received 500 mg/kg had
convulsions on one or more occasions. Extra-
medullary hematopoiesis of the spleen was ob-
served in 3/10 males that received 500 mg/kg.
The severity was mild in two rats and moderate
in a third. This lesion was not observed in vehi-
cle control animals.

Dose Selection Rationale: Because of weight

gain depression and convulsions observed at 250
mg/kg, doses selected for rats in the 2-year stud-
ies were 60 and 120 mg/kg n-butyl chloride ad-
ministered in corn oil by gavage, 5 days per
week.

TWO-YEAR STUDIES

Body Weights and Clinical Signs

The initial mean body weights of the dosed male
rats were lower than that of the vehicle controls,
and the mean body weights of the high dose
group remained slightly lower throughout the
studies (Table 6 and Figure 1). Mean body
weights of dosed and vehicle control female rats
were comparable throughout the studies. Many
dosed rats had tremors and convulsions after
being gavaged. Antibodies to Sendai virus and
RC virus were detected in sentinel animals
throughout the studies (Appendix L, Table L1).

TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF n-BUTYL CHLORIDE

Mean Body Weights (grams) Final Weight Relative
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls
(mg/kg) (percent)
MALE
0 10/10 131 £ 2 209 £ 4 +168 +